The associations of different components of diet with metabolic syndrome (MetS) are largely unknown. We therefore studied the associations of intakes of selected food items and nutrients with the risk of having MetS. Methods: The participants were a representative population sample of 1334 individuals (671 women, 663 men) 57-78 years of age. Dietary intake was assessed by a 4-day food record. MetS was defined by the National Cholesterol Education Program criteria. Results: Consumption of vegetables, non-root vegetables, legumes and nuts berries and fish had an inverse and consumption of sausage had a direct association with the risk of having MetS in men after adjustment for age, smoking and alcohol consumption. Consumption of vegetables and non-root vegetables had an inverse and consumption of sausage had a direct association with the risk of having MetS in women after these adjustments. However, after further adjustment for maximal oxygen uptake (VO 2max ) most of these associations vanished. Men in the highest third of consumption of berries, fish, and legumes and nuts had 49, 37 and 44% lower risk of having MetS, respectively, than those in the lowest third after further adjustment for VO 2max . Women in the highest third of sausage consumption had a 72% higher risk of having MetS than non-consumers. Conclusions: Consumption of legumes and nuts, berries and fish was inversely associated with MetS in men. Consumption of sausage was directly associated with MetS in women. VO 2max seems to be a strong confounding factor between food consumption and MetS.
Introduction
One third of adults in developed countries have metabolic syndrome (MetS), (Hu et al., 2008) which markedly increases the risk of type 2 diabetes, cardiovascular diseases and premature mortality (Laaksonen et al., 2004) . Unhealthy diet, sedentary lifestyle, overweight and genetic factors interact in the development of MetS. On the other hand, lifestyle changes, including increased physical activity, improved diet and weight reduction, decrease the risk of developing MetS (Orchard et al., 2005; Ilanne-Parikka et al., 2008) and type 2 diabetes (Tuomilehto et al., 2001; Knowler et al., 2002) .
Some dietary patterns such as Mediterranean style diet (Esposito et al., 2004) and the dietary approaches to stop hypertension diet (Azadbakht et al., 2005) have been associated with a reduced prevalence of MetS and its features. However, there is limited information on the associations of different food items with the risk of MetS. Cross-sectional studies have found that a high consumption of vegetables (Esmaillzadeh et al., 2006) , fish (Ruidavets et al., 2007) , dairy products (Ruidavets et al., 2007) and whole-grain products (McKeown et al., 2004 ) is associated with a decreased risk of having MetS and a high consumption of meat (Ruidavets et al., 2007) is associated with an increased risk of having MetS. However, some cross-sectional studies have not observed the inverse association of the consumption of vegetables (Ruidavets et al., 2007) and fish (Freire et al., 2005) with MetS. In a large prospective study, a high consumption of meat was associated with an increased risk of developing MetS, whereas a high consumption of dairy products was associated with a reduced risk (Lutsey et al., 2008) . The consumption of refined cereals and whole-grain products as well as fruits and vegetables did not predict the development of MetS.
The intake of some nutrients has also been associated with the risk of having MetS. A diet high in unsaturated fat, especially n-3 fatty acids, and low in saturated fatty acids (SFA) has been associated with a reduced risk of developing MetS and its features Carpentier et al., 2006) . Individuals with MetS have been observed to have lower serum concentrations of antioxidants than those without it (Ford et al., 2003) . A high intake of fibre (Galisteo et al., 2008) and magnesium (Bo and Pisu, 2008) and a sufficient vitamin D status (Martini and Wood, 2006) have also been associated with a decreased risk of developing MetS.
We studied the associations of the consumption of food items and the intakes of nutrients with the risk of having MetS in a large population sample of Finnish men and women aged 57-78 years. Although most previous studies have used a food frequency questionnaire, we assessed dietary intake with a more precise 4-day food record.
Subjects and methods

Study population
The present cross-sectional data are based on baseline examinations of an ongoing population-based randomised controlled trial, the Dose Responses to Exercise Training (DR's EXTRA) Study, described in detail previously (Hassinen et al., 2008) . The target population was a sample of 3000 individuals who were randomly selected from the national population register in 2002. Of these individuals 2062 were willing to participate. During the run-in phase 583 individuals were lost due to various reasons, such as death, disease, moving elsewhere and lack of motivation. Hence 1479 individuals aged 57-78 years participated in the baseline examinations in [2005] [2006] . The present study population consisted of 1334 individuals (671 women, 663 men) who had complete data on dietary intake, MetS and confounding factors. The study protocol was approved by the Joint Ethics Committee of the University of Kuopio and Kuopio University Hospital. All participants gave a written informed consent. A participant was classified as having MetS if he/she had X3 of the following criteria: waist circumference 4102 cm in men and 488 cm in women; serum triglycerides X1.7 mmol/l; serum high-density lipoprotein cholesterol o1.03 mmol/l in men and o1.29 mmol/l in women; systolic blood pressure X130 mm Hg or diastolic blood pressure X85 mm Hg or use of antihypertensive medication; fasting plasma glucose X6.1 mmol/l. These measurements have been described in detail previously (Hassinen et al., 2008) .
Definition of MetS
Assessment of dietary intake
Dietary intake was calculated by a 4-day food record, including three weekdays and one weekend day. A researcher defined the recording dates. The subjects received the food records with verbal and written instructions at the first study visit and returned them at the second visit 1 week later. A nutritionist or a trained research nurse completed missing information at the second visit. The amount of food consumed was estimated by a picture booklet of portion sizes (Pietinen et al., 1988) , household gauges or weighing. Data from the food records were analysed using the MicroNutrica nutrient calculation software (Finnish Social Insurance Institution, version 2.5, Turku, Finland) based on Finnish analyses and international food composition tables (Rastas et al., 1997) . Food items and nutrients used in the analyses were selected based on the nutrition recommendations of the American Diabetes Association et al. (2008) and were completed with food items relevant in the Finnish diet.
Other assessments
Cardiorespiratory fitness was assessed by defining maximal oxygen uptake (VO 2max ) from respiratory gas analysis during a maximal symptom-limited exercise stress test on a bicycle ergometer (Ergoline, Bitz, Germany) as described previously (Hassinen et al., 2008) . Physical activity was assessed by the DR's EXTRA Physical Activity Interview, which is modified from the questionnaire of Jackson et al. (1990) and has been described in detail previously (Hakola et al., 2010) . Basal metabolic rate was calculated by Schofield-equation (Schofield, 1985) and was used to assess the extent of dietary underreporting (Goldberg et al., 1991) . Body mass index was calculated from height and weight. Smoking, alcohol consumption and prevalent diseases were assessed by a self-administered questionnaire. Symptoms of depression were assessed by the Centre for Epidemiological Studies Depression Scale (Radloff, 1977) . Cognitive function was assessed by the Mini-Mental State Examination Score (Folstein et al., 1975) .
Statistical analyses
Statistical analyses were performed using SPSS software for Windows, version 14.0 (SPSS, Chicago, IL, USA). Differences Food consumption, nutrient intake and metabolic syndrome R Kouki et al between groups were analysed by independent samples t-test, Mann-Whitney's U-test or w 2 -test. Associations between dietary factors and MetS were studied by logistic regression analysis. Food items and nutrients were used as continuous variables. Food items that were associated with the risk of having MetS were categorised into tertiles, except those including lots of zero-values, which were categorised into non-consumers and those below or above median. Four different models were used for data adjustment: (1) age, smoking and alcohol consumption; (2) model 1 þ education; (3) model 2 þ VO 2max ; (4) model 3 þ prevalent diseases (type 1 diabetes, type 2 diabetes, pre-diabetes, cancer and atherosclerotic cardiovascular diseases including coronary hearth disease, claudication, transient ischaemic attack and stroke) and conditions that could have affected food intake (depressive symptoms and cognitive function). In additional analyses data were adjusted for variables in model 1 þ energy intake. P-value o0.05 was defined as significant. In tables we have presented P-values o0.100.
Results
Basic characteristics
The prevalence of MetS was 27.5% in men and 25.2% in women. Men and women with MetS had worse metabolic risk factor levels, lower VO 2max and a higher prevalence of self-reported type 2 diabetes and pre-diabetes than those without it (Table 1) . Individuals with and without MetS had several differences in food consumption (Table 2a ) and nutrient intake (Table 2b) , especially in men.
Food consumption and MetS
In men, the consumption of vegetables, non-root vegetables, berries, legumes and nuts, fish and sugar was inversely associated with MetS, after adjustment for age, smoking and alcohol consumption (Table 3a) . After these adjustments, the consumption of sausage was directly associated with MetS. After further adjustment for VO 2max the consumption of (21) 154 ( Food consumption, nutrient intake and metabolic syndrome R Kouki et al legumes and nuts, and berries and sugar remained statistically significantly associated with MetS, but the consumption of vegetables, non-root vegetables, fish and sausage was no longer statistically significantly associated with MetS. Additional adjustment for energy intake strengthened the association between consumption of sausage and MetS (odds ratio 1.77, P ¼ 0.002), but weakened the associations of consumption of non-root vegetables (OR 0.80 (0.63-1.02), P ¼ 0.076) and fish (OR 0.98 (0.95-1.01), P ¼ 0.251) with MetS. Other associations did not change after adjustment for energy intake. Adjustment for education or prevalent diseases and conditions had no effect on these associations. Food consumption, nutrient intake and metabolic syndrome
In women, the consumption of vegetables and non-root vegetables was inversely associated with MetS, after adjustment for age, smoking and alcohol consumption (Table 3a) . After these adjustments, the consumption of white bread and sausage was directly associated with MetS. These associations were no longer statistically significant after further adjustment for VO 2max . Additional adjustment for energy intake strengthened the association between consumption of sausage and MetS (OR 2.11 (1.09-4.06), P ¼ 0.026), but weakened the associations of consumption of vegetables (OR 0.83 (0.68-1.01), P ¼ 0.061) and non-root vegetables (OR 0.82 (0.65-1.03), P ¼ 0.082), with MetS. Additional adjustment for education or prevalent diseases and conditions had no effect on these associations. The consumption of roots, fruits, potatoes, butter, margarine, oil, pork, other meat, coffee, tea and sweets was not associated with MetS in women or men.
In men, the consumption of berries had a graded and inverse association with MetS (Table 4 ). In men, those who consumed berries more than 42.0 g/day had a 66% lower risk of having MetS than those who consumed o9.0 g/day, after adjustment for age, smoking and alcohol consumption. This association remained statistically significant after further adjustment for education, VO 2max or energy intake and even after adjustment for prevalent diseases and conditions. Sugar consumption had an inverse association with MetS, but the association disappeared after further adjustments for prevalent diseases and conditions. Men in the middle and highest third of the consumption of vegetables, non-root vegetables, legumes and nuts and fish had almost half the risk of having MetS than those in the lowest third. Men in the highest third of sausage consumption had a 64% higher risk of having MetS than those who did not consume sausage. The association of legumes and nuts and fish with MetS remained statistically significant after further adjustment for VO 2max , energy intake, education or prevalent diseases and conditions. Other associations remained after further adjustment for energy intake, but were no longer statistically significant after additional adjustment for VO 2max . Men in the middle third of berry consumption had a 43% (95% CI 13-63%) lower risk and men in the highest third had a 58% (95% CI 32-74%) lower risk of having MetS than those in the lowest third (P for trend o0.001) after further adjustment for vitamin C and E and carotenoids. After these adjustments, the associations of the consumption of vegetables and non-root vegetables with the risk of having MetS were no longer statistically significant.
In women, there was a graded and direct association of sausage consumption with MetS (Table 4) . Women who consumed sausages more than 23.0 g/day had a 77% higher risk of having MetS than those who did not consume sausages, after adjustment for age, smoking and alcohol consumption. The magnitude of this association remained after adjusted for education, VO 2max or energy intake. Woman in the middle and highest third of the consumption of vegetables and non-root vegetables had approximately 40% lower risk of having MetS than those who were in the lowest third after adjustment for age, smoking and alcohol consumption. These associations were no longer statistically significant after further adjustment for VO 2max or vitamin C and E and carotenoids, but remained after further adjustment for energy intake. Table 3a Associations between consumption of food items and the risk of having the metabolic syndrome in men and women
Vegetables (100 g/day) Abbreviations: NS, a statistically non-significant association; OR, odds ratio; 95% CI, 95% confidence interval. Analyses were performed using logistic regression analyses. 
Nutrient intake and MetS
In men, intakes of energy, carbohydrates, dietary fibre, potassium, vitamins C and E, carotenoids, chromium, magnesium and zinc were inversely associated with MetS, after adjustment for age, smoking and alcohol consumption (Table 3b) . After these adjustments, intakes of monounsaturated fatty acid and protein were directly associated with MetS. In women, intake of magnesium was inversely associated with MetS. No other nutrient had statistically significant association with MetS. After further adjustment for VO 2max only energy intake in men was associated with MetS. Further adjustment for education or prevalent diseases and conditions did not change any of these associations. Associations between nutrient intakes and MetS were not statistically significant after adjustment for energy intake, either in men or women, except the intake of vitamin C in men.
Discussion
The association of diet, assessed by a 4-day food record, with the risk of having MetS was analysed at the baseline of a large randomised controlled trial, the DR's EXTRA Study. We found that most associations of foods, such as vegetables, non-root vegetables and white bread, with MetS were weakened or vanished after adjustment for VO 2max . This observation emphasises the role of VO 2max in MetS and as a confounding factor for the association between dietary factors and MetS. In previous studies, examining the Food consumption, nutrient intake and metabolic syndrome R Kouki et al associations of dietary factors with MetS data have been adjusted for self-reported physical activity instead of VO 2max ,which is not only an accurate measure of cardiorespiratory fitness but also a more accurate measure of habitual physical activity than self-reported physical activity (LaMonte and Blair, 2006).
We found a significant inverse association between a moderate consumption of berries and MetS in men, additional benefit occurring with an increased consumption. However, such association was not found in women. This gender specific discrepancy may be due to diversity in the consumption. Women, with and without MetS, consumed Table 4 The risk of having the metabolic syndrome according to sex-specific groups of selected food items. Significant values (P-value o0.05) are in bold Food consumption, nutrient intake and metabolic syndrome R Kouki et al more berries than men. However, women were more likely to consume berries with energy-dense bakery products than men. The increased energy intake due to bakery products appears to be an important confounding factor for the association between berry consumption and MetS in women and may partly explain the lack of the association in women. Such gender specific differences in associations of diet and health have also been found in other studies (Erber et al., 2010) . A moderate consumption of berries has been associated with lower levels of blood pressure and higher serum concentrations of high-density lipoprotein cholesterol in middle-aged individuals with unmedicated cardiovascular risk factors (Erlund et al., 2008) . The present study indicates that an increased berry consumption is associated with the prevalence of MetS, not only with single components of it. Men in the two highest thirds of fish consumption had a lower risk of having MetS than those in the lowest third. The amount of fish consumption in the middle third was close to the nutrition recommendations (American Diabetes Association et al., 2008) . A previous cross-sectional study in middle-aged men found an inverse association of fish consumption with MetS (Ruidavets et al., 2007) , whereas no such association was found in Japanese Brazilians (Freire et al., 2005) . However, a high fish consumption and intake of n-3 fatty acids have been found to prevent cardiovascular diseases and metabolic risk factors (Carpentier et al., 2006; Hu et al., 2002) by their favourable effects on insulin resistance, blood pressure and serum concentrations of triacylglycerols, low-density lipoprotein cholesterol and high-density lipoprotein cholesterol, as well as endothelial function, inflammation status and antioxidant defences (Carpentier et al., 2006) . The health effects of fish are not only due to n-3 fatty acids but also diminished intake of SFA, because fish replaces meat in the main courses. It is noteworthy that commercially prepared fish, for example, fried fish filets, seems to be less beneficial than fresh fish (American Diabetes Association et al., 2008) . In the present study, fish included all fresh and processed fish sources. In this age group of Finnish individuals it is common to cook fish with butter or cream. Therefore the present results may underestimate the true associations between fish consumption and the risk of having MetS.
Consumption of sausage had a graded direct association with MetS in women but not in men. Gender difference might be explained by a higher consumption of sausage in men than women. High consumption of meat and dietary patterns loaded with processed meat, including sausage, have been associated with an increased risk of MetS in a prospective study, (Lutsey et al., 2008) probably due to a high content of SFA and salt in meat products (Srinath Reddy and Katan, 2004 ).
An unexpected inverse association between sugar consumption and MetS in men disappeared after adjustment for prevalent diseases. Therefore it is likely that these diseases confounded the association. In addition, Finnish habit to eat berries with sugar may partly explain the found association.
The discordant inverse association of energy intake with MetS in men is partly explained by higher levels of physical activity that results in a higher energy intake to maintain energy balance. In addition, dietary underreporting was more common in individuals with MetS than in those without it. Foods eaten between meals and high in fat and carbohydrates are usually underreported (Lafay et al., 2000) . This may partly explain the lack of an association between fat intake and the risk of having MetS. Moreover, in the Western diet the intake of SFA is positively correlated with the intake of monounsaturated fatty acid, which makes it difficult to study their health effects (Sundstrom et al., 2001) . It is known that SFA has disadvantageous effects and unsaturated fatty acids have beneficial effects on metabolic factors, such as insulin sensitivity, plasma lipoprotein concentrations and blood pressure Carpentier et al., 2006) . The influence of carbohydrates and proteins on cardiovascular health also depended on their source and quality (McKeown et al., 2004; Eilat-Adar et al., 2008) .
A strength of the current cross-sectional analysis is that we used a 4-day food record to assess dietary intake in a large population-based sample of older men and women. Usually dietary intake in studies with larger number of participants has been assessed with food frequency questionnaires. Although diet record is considered the most valid method to assess habitual diet, it does not completely resolve the problem of misreporting (Lafay et al., 2000) . In addition, some seasonal variation in the diet might occur. However, the effect of seasonal variation on the results is likely minimal, because the large study population was examined within 1.5 years. Recent studies related to MetS have focused on single features of a diet, but the present study examines the associations of several food items and nutrients with the risk of having MetS. Furthermore, the large population-based sample of men and women allowed us to analyse both genders separately. Confounding factors were assessed with reliable methods, such as VO 2max by a maximal symptomlimited bicycle ergometer test. Physical activity has been usually assessed with self-reported questionnaires, which are less accurate methods than VO 2max .
Due to the cross-sectional setting of the present study we can make only restricted conclusions based on the results. We cannot draw conclusions on a causal relationship between dietary factors and the risk of MetS. The accumulation of healthy or unhealthy lifestyle habits may partly explain the associations between dietary intake and the risk of having MetS, although we adjusted for other lifestyle habits than diet, such as physical activity, smoking and alcohol consumption, in the statistical analyses. Appearance of some diseases and metabolic risk factors may also have changed the diet and confounded the results.
In conclusion, consumption of legumes and nuts, berries and fish was inversely associated with MetS in men.
Food consumption, nutrient intake and metabolic syndrome
